devices; which form a temporary communication network without fixed network infrastructure or topology. The characteristics of MA ET are: limited bandwidth; limited radio range; high mobility; and vulnerability to attacks that degrade the signal to noise ratio and bit error rates. These characteristics create challenges to MA ET routing protocols. In addition, the mobility pattern of the mobile nodes (M s) also has significant impact on the MA ET routing protocols. The issue of routing and maintaining packets between M s in the mobile ad hoc networks (MA ETs) has always been a challenge; i.e. encountering broadcast storm under high node density, geographically constrained broadcasting of a service discovery message and local maximum problem under low node density. This requires an efficient design and development of a Lightweight routing algorithm which can be handled by those GPS equipped devices. Most proposed location based routing protocols however, rely on a single route for each data transmission. They also use a location based system to find the destination address of M s which over time, will not be accurate and may result in routing loop or routing failure. Our proposed lightweight protocol, Local Area etwork Dynamic routing (LA DY) uses a localized routing technique which combines an unique locomotion prediction method and velocity information of M s to route packets. The protocol is capable of optimising routing performance in advanced mobility scenarios, by reducing the control overhead and improving the data packet delivery. In addition, the approach of using locomotion prediction has the advantage of fast and accurate routing over other position based routing algorithms in mobile scenarios. Recovery with LA DY is much faster than with other location protocols which use mainly greedy algorithms, (such as GPRS), no signaling or configuration of the intermediate nodes is required after a failure. The key difference is that it allows sharing of locomotion and velocity information among the nodes through locomotion table. Simulation results show that LA DY`s performance improves upon other position based routing protocols.
Introduction
The needs of efficient routing mechanism over wireless communication have been increasing drastically over the last decade to address the rapid growth and demand in data-hungry applications and payloads. Two basic distinct approaches for enabling wireless communication between MNs are: i) Infrastructure based: where mobile networks rely on good infrastructure support, in which user equipment communicates with access points (base stations) connected to the fixed network infrastructure e.g. GSM, WLAN and 3G-UMTS [1] . ii) Ad-Hoc based: the non-infrastructure platform based on collections Position and Neighborhood Based Routing (PNR) proposed by Hossein Ashtiani( 2009) , In PNR all MNs start a full flooding all over the network. Taking into consideration the network size, initial floods sent out by each node can be adjusted. A node maintains its list of neighbour nodes by periodically broadcasting Hello messages. By specifying a time period named as "Neighbour Expiry time", if a node does not receive Hello message from a neighbour node for a period exceeding "Neighbour Expiry time", it assumes the link is lost. Each node can determine its own position using a GPS. Disadvantages, such as heavy control overhead and Local maximum problem under low number of MNs, make PNR not an efficient method for MANET.
Proposed Routing algorithm

Overview
The position based routing algorithm has two advantages over the topology based routing algorithm; first, the routing algorithm does not require route establishment or maintenance. Second, the geographical information is distributed only in the local region. While the position based routing protocols (e.g. GPSR) eliminate some of the limitations of the topology based routing protocols by using geographical information to make decisions about routing packets, they don't take into account the locomotion of the nodes. The mobility characteristic has an impact on MANETS routing performance. LANDY will use locomotion information and the velocity of MNs, to route packets. It is assumed that nodes will have access to a position service. Obtaining location information from the position service, LANDY will employ a forwarding strategy to route packets between MNs. If routing problems occur with the forwarding strategy, the algorithm will include a recovery mode which will operate when the protocol recognizes that this problem has occurred. In the recovery mode, the protocol navigates the planar graph to the desired destination.
etwork Initialization and Process Analysis
It is assumed that the routing area is a two dimensional plane. The entire network is divided into several non overlapping triangular cells, and each cell has CCID (Cell Code Identifier). The proposed algorithm allows each mobile node (MN) to determine the cell where it resides during the life of the network, based on the information provided by LT ( Locomotion  table) and the GPS device equipped with each node. Let n is the number of mobile nodes in the region and N i is the scale of the mobile node, Sj number of neighbuor mobile nodes to the source node S, where Ni < n(CCID). k is the existing number of mobile nodes in the request region (CCID) at time t0 and k' (=k+Vk) is the number of mobile nodes in that region at time t1, where k<=n( CCID), Vk can be either positive or negative. uv is the number of edges in the given network RNG (Relative Neighbour Graph), uv' (<=uv) is the number of edges in the request region, bp is the number of Backtrack Packets received by the node S and l is the length of the path (in hops) from the source node S to the destination node D. The network layer interacts with the MAC layer to estimate the bandwidth and taking consideration of the activities of neighbouring nodes, which makes LANDY more practical.
Locomotion predication of Mobile odes
Most MANET geographical protocols (position based) utilise the current position of the node, the neighbours and the destination to determine the packet's forwarding node. The position of the transmitting node is received from the position service. The positions of the neighbours are distributed by an intermodal mechanism such as HELLO message broadcasting. The destination position is learned by the location service, and may take time to update. However, the position information of neighbours and destinations will not be accurate after some time, and this may result in routing loop or routing failure. With three samples of node position, it can estimate speed and direction and use this derived information to predict the locomotion in the near future of the mobile node. The forwarding decisions are made based upon the locomotion of the mobile node, the neighbour nodes and the destinations and it can be shown that mobility characteristics will affect MANETs. On the other hand, the approach of using locomotion prediction has the advantage of fast and accurate routing over other position based routing algorithms in mobile scenarios. Figure 1 illustrates the locomotion prediction of the LANDY protocol. The source node (S) intends to send a data packet to the destination node (D). There are six one-hop neighbour nodes, a, b, c, d, e, f within the radio range of the source node. A HELLO message broadcasting mechanism makes all nodes aware of their neighbours' locomotion information. Each mobile node periodically broadcasts a HELLO message to its onehop neighbours, with its Cell unique code Identifier (CCID), Mobile Node unique code Identifier (MCID) and locomotion component (LC). Each mobile node updates its locomotion table (LT) of neighbours when it receives a HELLO message. Based on the LT, the source is able to estimate the locomotion of the neighbours (the future position of its neighbours as a", b", c", d", e", f"). The source selects the neighbour as the next hop, such that the future position of the next hop is closer to the estimated future position of the destination (D"). In Figure 1 , the next hop of the source node is node c" and backup route will be b". 
Communication Process and Location calculation between two active Mobile odes
The MN at the route request stage will send at least query packets, but the backtrack packets process might have an impact which result in sending more than Q number of query packets. Therefore the communication packet overhead for the searching stage is Q(uv'+bp). This query number depends on the locomotion of mobile nodes. The route reply stage will send acknowledgements with the chosen path of length l. Therefore in normal circumstances, i.e. if there are no dynamic transformation in the network layout between route request and reply stages , the Packet overhead for the reply stage is Q(l) or Q(n). Therefore the packet overhead for LANDY algorithm is Q(uv'+n(CCID)+bp) = Q(uv'+bp). Communication between two active nodes can be initiated as follows:
A) Two MNs moving in their particular self-directed modes come within the range of each other and start communication. B) A mobile node becomes active at any given time at a random place and it happens to be in the range of communication of another mobile node . These initial conditions of active communication, will have an impact on the calculation of the link/path metrics of the mobile ad hoc network. The key factor in the mobility model that is inherent for each mobile node of the MANET, plays the key role in controlling the performance metrics including link/path metrics. Two nodes are neighbours if their intermediate distance is less or equal to their transmission range. We assume that all nodes maintain the same radio range, and data rate is constant throughout the network. The distance between two nodes(x1, y1) and (x0, y0) can be derived from equation (1) .
In LANDY, it is important to know when the link is disconnected with surrounding nodes, for calculating node mobility. Each node can find its location information using GPS, so that it can calculate the node mobility using equations (2) and (3). A node`s velocity is in sec unit, and its next location can be calculated. For calculating the next location, it uses current location p0(x0, y0), Velocity v, Direction Value X, and circular functions formula to derive the next location p1(x1, y1).
After calculating the next location; its current location, next location and transmission range are added into LT and delivered to the surrounding nodes.
ode distribution and eighbours discovery
LANDY localizes routing information distribution in the one-hop range. Thus LANDY will reduce the control overhead, simplify routing computation and save memory storage. Each MN in the network needs to maintain the local status of its MNs neighbours only. For each connection a MN gets order of Ni query packets. The number of neighbour mobile nodes (Ni) may increase or decrease based on the movement of mobile nodes within the local region . Therefore the distribution of the Mobile nodes with in a region for the network state is S(n) in the worst case scenario. In LANDY, the mobile node updates its LC through position service (e.g. GPS) periodically. The mobile node broadcasts its MCID, CCID and LC in a HELLO message periodically. Data packets are marked with the LC of the sender and the destination, so that the receiving nodes are able to update the neighbour's locomotion information upon receiving the data packet. The mobile node does not flood the HELLO message. Thus the LANDY routing protocol reduces the control overhead and simplifies the routing computation. The HELLO message broadcasting mechanism makes all nodes aware of their neighbours' locomotion information. Each mobile node periodically broadcasts a HELLO message to its one-hop neighbours, with its MCID, CCID and LC. The HELLO message inter-arrival time is jittered with a uniform distribution to avoid synchronization of neighbours' HELLO messages that could result in conflict. Each mobile node updates its LT of neighbours when it receives a HELLO message. The LT associates an expiration value with each entry. If the node does not receive a HELLO message from a neighbour within the expiration time, it removes the neighbour from the table. Based on the LT, the source is able to estimate the future position of its neighbours. Figure 1 illustrates the one-hop broadcasting of the LANDY protocol. At time t, the mobile node a broadcasts a HELLO message, encapsulating the LC in the message. The mobile nodes S, a, c are b's one-hop neighbours. Upon receiving the HELLO message from node b, the receiving node updates LT of neighbour's locomotion information. Since the inter-arrival time of HELLO message tY is jittered with a uniform distribution, each node has a different inter-arrival time of HELLO message. At time t+tY, node a broadcasts a new HELLO message with updated LC. The mobile node S, c receive the new HELLO message and updates the LT. Upon not receiving a HELLO message from a neighbour for a long time (t2), the mobile node assumes that the link to the neighbour is broken and removes the neighbour form the LT. Besides the one-hop HELLO message broadcasting, the MNs will send out the LC in the data packets. The data packet LC transmission provides an alternative to the locomotion distribution. It is helpful in a dense mobile network with heavy traffic load. The mobility of the node at time t2 is calculated using equation (4).
Forwarding protocol
The mobile node distributes the locomotion information through one-hop HELLO message broadcasting. Upon receiving the LT from the HELLO message and the data packet, the mobile node updates the LT. The node will be able to send out a data packet, receive a data packet and forward the packet, if it is not the destination. The node will choose a one-hop neighbour as the next hop, (forwarding node) such that the next hop is closer to the destination in the near future. The packet is forwarded to the next hop. Upon receiving the packet, the receiving node will establish the next hop, based on the same mechanism. This forwarding process is repeated until the destination is reached. In some situations the backup path will be utilised if the primary path is not available using the back track process, nodes can trackback for alternative routes just for three previous nodes. If the packet is in a local maximum problem, then the node will start a recovery process, to navigate the planar graph to the destination. There are three types of packet operations in LANDY: 
Locomotion components
There are two types of packets in LANDY: (1) HELLO message packet; (2) data packets. The content of the HELLO message is LC of the transmitting node. The MNs distribute the locomotion information through LC as shown on Table 1 . Upon receiving the LC of the neighbours, the mobile node is able to construct the LT and route the packet. 
The data packet header
The data packet consists of a data packet header and the data payload. LANDY data packet header is a modified version of the GPSR packet header. The data packet header provides:
(2) Information in the recovery mode. Two types of packet mode are defined in LANDY: forwarding mode and recovery mode. The forwarding mode is the mode in which the packet is forwarded by LANDY forwarding algorithm. The recovery mode is the mode in which the packet enters into a local maximum problem and traverses the planar graph to the destination.
Backtracking Concept and Time intricacy
LANDY Backtracking Concept On blocked routes; packets can backtrack to the previous node (up to three previous nodes) to get rerouted along a different valid path. Nodes that receive the backtrack packet calculate the next closest neighbour node to the destination and send it along the new path. If no alternate route is available, then the packet is in a local maximum. Then the MN will start the inherent recovery mechanism, to navigate the planar graph to the destination. If a MN gets a query packet and this is checked against the queue packets stored in the LT, whose size is of order bp and LC ( locomotion components) for a local region, to check whether the arrived query packet contains a loop or not. Each MN gets set of Ni query packets. Therefore the time intricacy of processing query packets is tq (LT.Ni). If a node gets a backtrack packet, then it will send another query on that link, if one exists. Therefore the time intricacy is tq (LT.Ni+LT), which is equal to tq (LT.Ni) in the local region which CCID is known.
3.10.Failure detection and recovery process
The failure detection recovery initiation process is simple: Active nodes monitor their signal quality and defined bandwidth threshold. For simplicity, it is assumed a bidirectional connection, which allows the node to initiate the recovery as soon as it detects a failure. LANDY employs perimeter routing as a recovery mechanism, such as used in GPSR [3, 5] . The perimeter routing is a graph with no intersecting edges. The Relative Neighbour Graph (RNG) has been used in Landy`s recovery algorithm which can be defined as a graph in which an edge (u, v) exists between vertices u and v if the distance ||uv|| is less than or equal to the distance between every other vertex w. There are two modes of packet forwarding in LANDY: forwarding mode and recovery mode. A packet enters the recovery mode when the protocol determines that it has arrived at a local maximum. It returns to greedy mode when it reaches a node with an estimated location closer to the destination, than the node where the packet entered the perimeter mode. To support both forwarding mode and recovery mode, a mobile node will construct the RNG of neighbours when it enters recovery mode, as well as update the LT when it receives HELLO packets. Upon receiving a forwarding mode packet for forwarding, a mobile node searches its LT for the neighbour closest to the packet's destination in the near future. If this neighbour is closer to the destination than the mobile node itself, the node selects the neighbour as the next hop of the packet and forwards the packet to the next hop. When no neighbour is closer, the node marks the packet into the recovery mode. LANDY forwards the packet on progressively closer faces of the planar graph RNG to the destination, using the right-hand rule. When a packet enters the recovery mode, LANDY records the position where the packet enters the recovery mode. It is used for the downstream hops to determine whether to recover from the recovery mode. At the first traverse of recovery mode, the mobile node forwards the packet to the adjacent edge based on the right-hand rule. When LANDY forwards a packet onto a new face, it records the position on line SD (S is the source where the packet enters the recovery mode and D is the destination) shared between the previous and new faces, and the first edge on the traversed face, in the packet header. Upon receiving a recovery mode packet, LANDY first determines whether it is the packet's destination. If so, LANDY passes the Packet Data Payload (PDU) to the higher layer. If it is not the packet destination, LANDY then determines whether the packet can be recovered from the recovery mode. LANDY compares its LC and the position where the packet entered into the recovery mode. If the distance from the node to the destination in the near future is less than the distance from the recovery entering position to the destination, LANDY returns the packet mode back to the forwarding mode. Otherwise, the node traverses the planar graph. LANDY forwards the packet along the face intersected by the line SD (S is the source where the packet enters the recovery mode, D is the destination node) using the right-hand rule. When the destination is not reachable (i.e., it is disconnected from the graph), LANDY will traverse the disconnected face entirely and enter the first edge of that face twice. LANDY determines that it is a disconnected face, and drops the packet to the disconnected destination. This will prevent the packet routing loop. The recovery process repeats at successively closer faces to the destination. Eventually, the face containing the destination is reached, as long as the planar graph is connected. Recovery with LANDY is much faster than with other location protocols which use mainly greedy algorithms , (such as GPRS), no signaling or configuration of the intermediate nodes is required after a failure. The key difference is that it allows sharing of locomotion and velocity information among the nodes through LT. A node may also be both an end node (Source or/ and destination) , in this case it will switch to recovery mode until it finds a neighbour, and after the connection is recovered, the configuration is fixed preventing possible reconfiguration and signal collision in the event of additional failures.
Average route length
The average route length is the average route length of all successfully delivered data packet.
Delivery ratio
The delivery ratio is the ratio of the number of successfully delivered data packets to the number of total data packets. It is the metric of the data transmission reliability.
The MAC layer protocol is IEEE 802.11 DCF CSMA/CA. The data rate is 2 mbps. The network protocol is IP, Figure 4 . The transmission range is 300 m. The free -space-path -loss model is used in the simulations to determine the transmitter power. The path loss (in dB) can be determined via equation (7) [14] .
Where FSPL is the pathloss (in dB), d is the distance (in meters) and f is the frequency (in GHz). The traffic destination is a random node. We randomly select 8 nodes to generate traffic packets in the simulations. The traffic application is a traffic generator. This traffic generator starts at 10 seconds during simulation. The packet inter-arrival time is exponentially distributed with mean value of 10 seconds. Simulations were implemented using OPNET v14.5. Random Waypoint mobility model is used in running the simulations. The Random Waypoint mobility model is the most used mobility model in evaluating the performance of MANET protocols. The LANDY protocol is implemented in the OPNET as a process model in wireless mobile nodes. The LANDY process model can be represented in a State Transition Diagram (STD). Mobile node models were constructed that included OPNET standard IEEE 802.11 physical and MAC layers, as well as custom build process models to implement the LANDY protocol. Figure 5 . The scenarios simulate the MANET nodes moving in a 2-D mobility region, and in this implementation the height dimension is omitted. The Random Waypoint mobility model is used to govern the movement of the nodes. In this model a mobile node will select a destination randomly and move towards it with a random velocity uniformly distributed in the interval [Vmin, Vmax] . Once the node has arrived at the destination it waits for a period (pause time) and then repeats the Each mobile node has a nominal 300m radio transmission range with a free space path loss model. The nodes are initially distributed randomly in the simulation region. The maximum speed of the random waypoint model is set to 30 m/s. Each CBR flow sends traffic to a random destination. This dense network topology with a high mobility motion with a maximum speed of 30 m/s provides high mobility scenarios. Each scenario performs six simulation runs with different random seeds and the mean of the metrics are compared. In our simulation, we start MANET routing protocol after a specific random movement time, which is the simple solution to avoid the initialization problem. The common parameter setting of the simulation is shown in table 3 [23] . 
• Simulation Results -End-to-end Delay
In end -to-end delay scenario, it should exhibit a lower performance when the number of nodes are under 50, because alternative longer routes might be selected instead of the shortest path. The end-to-end delay is lower in the case where more than two alternative routes can be selected or many alternative routes Figure 6 and Figure 7 show the end-to-end delay of LANDY and GPSR. The error bars indicate 95% confidence intervals. We do not compare LANDY and GPSR with DSR in this metric, because DSR has route request and route maintenance period; while the position based routing protocols LANDY and GPSR don't have the route request and route maintenance. Since LANDY searches the mobile node's future position instead of current position, it searches the path from the source to the destination faster than GPSR. Thus, the end-to-end delay of LANDY is lower than GPSR.
The end-to-end delay time is dramatically affected when network pace is at a slow rate. Because of little or no mobility of nodes, error occurs in the entire path and so there is a strong probability that it searches paths consisting of the same nodes. In this case, it cannot be effective even if it selects a path taking mobility in to consideration. Moreover, LANDY is most likely to have a larger number of nodes between source and destination node than GPSR. Therefore, more nodes can participate in communication. Figure 6 . End-to-end delay for 50 nodes RW Figure 7 . End-to-end delay for 100 nodes RW
• Simulation Results -Throughput
Throughput: the rate of packet throughput increases gradually according to the increasing number of nodes in all protocols (DSR, GPSR and LANDY). As shown in Figure 8 , there are a few differences between LANDY and GPSR in section of pause time between 0 -20 sec, but large differences in section 60 -120 sec pause time. LANDY successfully increased the rate of packet throughput as high as 19%. The reason why it is not a large performance improvement, is that the numbers of alternative routes are limited in the network which comprises of a few nodes. Because the numbers of nodes are small and nodes are of wide distribution, the numbers of routes are limited though a node searches for multiple routes. Also, the performance improvement is not large, but the performance improvement makes a distinct appearance when the pause time is more than 60 sec. By observing the packet throughput , Figure 9 . The more a node moves, the more nodes that consist of a link are changed, and link error can be generated frequently. Therefore, LANDY packet processing ratio improves upon DSR and GPSR, in setting the shortest path. DSR packet ratio is lower as due to link errors increasing as a result of faster node movement. But in LANDY, packet throughput is decreased little, when the Maximum velocity of nodes is 30 m/sec. The efficiency is 3%. This is logical, because large packet drops will of course produce lower throughput. 
• Simulation Results -Control overhead
Control overhead can be determined by quantifying the effect per packet and number of path searches. Figure 10 and Figure  11 show the results for routing control overhead, in the 50-node and 100-node Random Waypoint scenarios, respectively. The error bars indicate 95% confidence intervals. Because LANDY and GPSR, broadcast routing protocol packets proactively in a nearly constant interval. The control overheads of LANDY and GPSR are nearly constant, and are very close in both 50-node and 100-node scenarios. DSR has a large number of routing control messages due to the topology changes. It is important to note that the location service will increase the routing control overhead. In contrast, LANDY has less overhead than DSR and GPSR. The Average route length results are shown in Figure 12 and Figure 13 for LANDY, GPSR and DSR in 50-node and 100-node Random Waypoint scenarios. The error bars indicate 95% confidence intervals. The average route length of LANDY and GPSR are shorter than DSR. Since the packet delivery ratio of LANDY is higher than GPSR, the probability of longer route length is higher than GPSR. As a result, the average route length of LANDY is higher than GPSR . 
• Simulation Results -Delivery ratio
The Delivery ratio results are shown in Figure 14 and Figure 15 for LANDY, GPSR and DSR as a function of pause time in the 50-node and 100-node Random Waypoint scenarios, respectively. The error bars indicate 95% confidence intervals. We do not count the packets lost due to disconnected destinations, as a delivery failure. All three algorithms deliver over 97% packets successfully, in the 50-node scenario. The delivery ratio of LANDY and GPSR are over 96% in the 100-node scenario, while DSR delivers approximately 89% packets in the 100-node scenario. The delivery ratio of LANDY is higher than GPSR and DSR in both 50-node and 100-node network topologies. The delivery ratio of LANDY remains high at all pause times. 
Conclusion and Future work
Protocols that have link layer support for link breakage detection, are much more stable. The percentage of packets received using LANDY is almost constant at 82% even when mobility increases. This result indicates that these kinds of protocols will be desired for high mobility networks. DSR and GPSR are dependent on periodic broadcast which show a rather poor result, only 50 % of the packets are received when mobility is increased. The performance of the protocols differs slightly during different network loads. The most apparent difference is the byte overhead. While LANDY has a rather unaffected overhead, it increases for DSR and GPSR during high loads. A higher sending rate causes the protocol to detect broken links faster, thus reacting faster; this leads to a slight increase in control packets, which affects the byte overhead. The increased send rate also sets demands on the send buffer of the routing protocol. Congestion occurs and packets are dropped. The faster a routing protocol can find a route, the less time the packets have to spend in buffers, meaning a smaller probability of packet drops. In this paper, it is demonstrated through the simulations that the proposed lightweight routing protocol (LANDY) performed well under diverse situations and outperforms GPSR and DSR in both scenarios. One of the main advantages of LANDY is using Locomotion instead of current position to find the mobile node's Locomotion trajectory to predict the future position of mobile nodes. It reduces the impact of the inaccuracy of neighbours' positions on the routing performance, provides a shorter routing and avoids routing loop or routing failure. Another advantage is using only local Locomotion to determine a packet's next hop. This increases the scalability of the routing protocol. While we have shown Landy protocol reduces the control overhead and improves routing performance in several types of sophisticated mobility scenarios, Landy can be enhanced with more features. In this research, we assume the position service is available. It is desired to integrate position service into Landy. Thus, Landy can be implemented in the live mobile node more easily. Landy can be extended to the 3D space in order to support seamless and real-time communications in military applications and data traffic in the wireless sensor networks. Landy can be extended to support more forwarding strategies. Some can perform better in high node density while others perform better in low node density. Landy will adjust the forwarding strategy adaptively to allow high throughput of data traffic. Additional work needs to be done on the adaptive location update mechanism and the area for location update. A tremendous amount of research remains to be done in the area of mobility models in ad hoc networks. Group Pursuit Models are of special interest for FCS applications, and have to be included in a comprehensive simulation. It is important to investigate the application scenarios, to evaluate performance of MANET routing protocol. In other words, it is useful to simulate MANET routing protocols using the mobility model, which represents the application scenario more accurately. Also it is important to examine the movements of MNs in the real world, to develop a new model that combines the best characteristics of major MANET mobility models, which can be used for performance evaluation of routing protocols in MANET.
